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Northwest Africa 7533 (and Northwest Africa 7034 pairing group) is an exceptional martian meteorite as it is a 

regolith breccia giving unique access to the martian crust [1]. Together with in situ observations by MSL Curiosity 

[2] and reconstruction models of the primitive crust [3], this meteorite has completely changed our view of the mar-

tian crust. It provides evidence of complex magma differentiation processes leading to a primitive felsic crust dated 

at 4.2-4.4 Gy, with insights into regional thermal history, marked by a possible metamorphic event reseting U-Pb 

systems at 1.6-1.7 Gy [4,5]. This regolith breccia actually exhibits a wide petrological diversity, with basaltic, norit-

ic and monzonitic clasts, and other impact-related objects. Accessory minerals, like phosphates and zircons, are 

present in the matrix and in the different clasts. Characterizing and dating these minerals has been critical in deter-

mining the history of NWA 7533 and of the clasts within. In this study, we use Raman and luminescence spectros-

copy at the microscale, including hyperspectral mapping, to study main minerals and characterize in detail the struc-

ture (Raman) and Rare-Earth Element (REE) content (luminescence) of phosphates and zircons. Previously well 

studied and new polished sections of NWA 7533 were used. 

Main minerals : Raman spectra from the main mineral phases (e.g., pyroxenes, feldspars, plagioclases) in 

NWA7533 were obtained and will be discussed in light of their chemical composition measured by electron micro-

probe to provide a spectral database for in situ missions. 

Zircons : The Raman signature of zircons is very sensitive to structural degradations affecting the crystal lattice 

and offers good proxies with which to quantify these degradations and discuss their origin. Raman investigations 

show that NWA7533 zircons are generally well crystallized and poorly metamictized by comparison with various 

terrestrial zircons. Nonetheless, zircons scattered in the matrix of the breccia generally display a great variability in 

shapes and textures, and Raman analysis shows that they have a larger structural heterogeneity from nearly amor-

phous to well crystallized grains. On the other hand, zircons analyzed in a microbasaltic clast show a high homoge-

neity in shape, size and a high-level of crystallinity. In addition, REE luminescence spectra are different between 

these two populations of zircons, further supporting the possibility of at least two generations of zircons.  

Phosphates : These minerals are important trace element and water reservoirs making them good targets for da-

ting purposes as well as excellent tracers of magmatic evolution and alteration processes. Using Raman spectrosco-

py, merrillite and apatite (mostly chlorapatites with few fluorapatites) are detected and appear structurally homoge-

neous throughout the samples. Raman shift of the main symmetric stretching vibration of the PO4
3- group is very 

constant amongst apatites although very different crystal growth and microtextural patterns are observed. On the 

other hand, luminescence spectra exhibit a more complex pattern with strong trivalent REE signatures (from Er3+, 

Sm3+, Eu3+ and Dy3+) in merrillite and associated overgrown apatite mantles (in a noritic clast). However, the REE 

signature shifts and fades in almost all apatite grains not associated with merrillite. Together with microtextural 

observations, this suggests the possible existence of at least two generations of apatites: one postdating comagmatic 

merrillite and one formed from REE-poor liquid(s).  

Concluding remarks : These data open new questions on the thermal and geochronological history of 

NWA7533. Raman and luminescence investigations support the existence of at least two zircon populations in the 

breccia, in the breccia matrix versus in microbasaltic clasts. In addition, variability in luminescence patterns may 

suggest two different generations of apatites with different formation mechanisms. These observations will have to 

be completed by in situ geochemical and geochronological investigations to better understand the complex history of 

NWA7533 and the primitive Martian crust. Last, these data provide a reference spectral dataset for the various mar-

tian exploration missions carrying Raman spectrometers (NASA Perseverance and ESA/Roscosmos ExoMars rov-

ers) and future investigations of the samples from the Mars Sample Return program. 
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